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treatment delivery. In the screening procedure, three of the 
four patients’ breathing regularity was improved with AVB. 
Across a course of SBRT, AVB also demonstrated to improve 
the regularity of breathing displacement and period over free 
breathing.This was also the first study to assess the impact of 
AVB on liver tumor motion via fiducial marker surrogacy. 
Results from the first four patients have been reported here 
and demonstrate clinical potential for facilitating regular and 
consistent breathing motion during CT imaging and treatment 
delivery. 
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Purpose or Objective: By applying motion correction 
strategies for the treatment of lung tumours the variability of 
breathing induced tumour movement is more important. To 
analyse the different motion potential of lung tumours a 
clinical trial is carried out. FDG-PET scans are performed 
simultaneously with an accelerometer-based system, which 
detects the breathing motion. Specific breathing instructions 
are given to the patient, to analyse the correlation of the 
sensor information and the tumour displacement, caused by 
different breathing patterns. 
 
Material and Methods: The study is performed with patients 
with a single pulmonary metastasis. For the detection of the 
breathing motion six tri-axial accelerometers are placed on 
the patient’s thorax and abdomen. Thereby, information on 
the breathing cycle (in-/expiration), breathing mode 
(thoracic/abdominal) and breathing depth can be 
distinguished. Up to five different measurements are 
obtained: ‘free breathing’, ‘deep thoracic’, ‘flat thoracic’, 
‘deep abdominal’ and ‘flat abdominal’. Simultaneously, a 
respiratory gated FDG-PET scan is taken to correlate the 
patient’s respiratory states with the tumour movement. For 
each of the ten reconstructed PET images the centre of the 
tumour is determined to visualize the mean tumour 
trajectory. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results: 
 
 
 
In the figure the analysis of the reconstructed sensor and PET 
data is shown for six patients, for each of the different 
breathing scenarios (fb: free breathing, da: deep abdominal, 
fa: flat abdominal, dt: deep thoracic, ft: flat thoracic). The 
upper part of the figure shows the mean tumour amplitude 
from the PET data and the mean breathing depth from the 
sensor data. The lower part shows the mean tumour position 
from the PET data and the breathing mode reconstructed 
from the sensor data. To visualise the offset of the different 
tumour movements between the different scenarios, for each 
patient the mean positions are normalised to the smallest 
mean position of each patient. The figure shows, that for the 
given scenarios different amplitudes and offsets of the 
tumour are observed, as well as a change in the sensor 
signals. The results show a flexibility of the tumour 
movement in its amplitude and absolute position, which 
depends on the actual breathing patterns of the patient. 
 
Conclusion: The performed clinical trial indicates that the 
movement of the tumour depends on the actual breathing 
pattern. This shows that it is important for the prediction of 
the tumour position to take the information on the breathing 
pattern into account. The detection of the breathing 
parameters with the sensors give the possibility for further 
investigations of a correlation between tumour offset and 
amplitude with reconstructed breathing depth and mode, 
which could be further used for individual motion prediction. 
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